INTRODUCTION
============

Lung cancer is the leading cause of cancer-related deaths worldwide. Non-small cell lung cancer (NSCLC) accounts for approximately 80% of all lung cancer patients. The treatment strategy chosen for patients with NSCLC is generally guided by the tumor-node-metastasis (TNM) classification. Only approximately 25% of the patients are diagnosed with early-stage (stage I) disease, for which surgical resection offers the possibility of a cure. However, even after complete resection of early-stage NSCLC, there is a wide spectrum of outcomes \[[@B1],[@B2]\]. Tumor recurrence is the most common cause of disease failure after surgical resection and the main obstacle for long-term survival. TNM staging indicates the level of disease progression and malignant potential of primary lung cancer \[[@B3]\]. However, even patients with disease at the same stage are split between recurrence and the non-recurrence groups after complete resection. Therefore, the current TNM staging system may have reached the limit of its usefulness \[[@B4]\]. The identification of factors related to recurrence following surgery may help to evaluate the risk of disease recurrence in NSCLC patients. Moreover, identification of risk factors associated with recurrence patterns (local recurrence and distant metastasis) after surgical resection can help stratify patients with higher risks in the administration of potentially harmful adjuvant therapies. Only a few studies have reported the survival, patterns of recurrence, and risk factors analyses predicting recurrence in resected stage I NSCLC \[[@B1],[@B3],[@B5]\]. The purpose of this study is to elucidate the prognosis of patients with early recurrence within two years of surgery and to identify independent risk factors related to early recurrence. We also investigated the relationship between the patterns and period of recurrence and clinicopathological factors.

METHODS
=======

A total of 272 patients (including those of previous bronchial alveolar carcinoma: 48 patients) who underwent surgical resection for stage I NSCLC at Dong-A University Hospital between February 1995 and December 2012 were reviewed. All of these patients underwent lobectomy and systemic lymph node dissection, and had no history of malignant disease. The following exclusion criteria were applied: sublobar resection (n=7); preoperative chemotherapy, radiotherapy, or both (n=15); and death within 30 days of operation (n=8). Of the 272 patients, the remaining 242 patients provided sufficient data to be included in the study. Video-assisted thoracoscopic surgery was performed on 88 of these patients (36%).

Preoperative evaluation included physical examination, chest radiography, chest computed tomography (CT) scan, abdominal CT scan or ultrasonography, bone scintigraphy, blood examination, and brain CT scan or magnetic resonance imaging, and since 2004, positron-emission tomography (PET)-CT scan. The chest CT scan or PET-CT scan and the blood examination (including serum tumor markers) were performed within 6 months after surgery, and every 6 months thereafter. Patients were staged according to the 7th TNM staging proposed by the International Staging Committee of the International Association for the Study of Lung Cancer. Histologic subtypes of lung cancer were determined according to the World Health Organization classification.

Follow-up was carried out through routine office visits or by telephone contact. All of the patients were followed through March 2013. Second primary lung cancer was differentiated from recurrent NSCLC according to the criteria proposed by Martini et al. \[[@B6]\]. Recurrences were diagnosed by physical examination and diagnostic imaging. Histological or cytological confirmation of the recurrence was made when clinically feasible. Local recurrence was defined as disease recurrence in contiguous anatomic sites, including the surgical margin, ipsilateral hemithorax, and mediastinum after surgical resection. Distant metastasis was defined as tumor recurrence in the contralateral lung or outside the hemithorax and mediastinum after surgical resection.

The demographic data collected included age, gender, number of comorbidities, smoking status, tumor location (upper vs. non-upper), tumor laterality (right vs. left), extent of resection (single lobectomy vs. more than bilobectomy), tumor size, pathologic stage (stage IA or IB), histology (adenocarcinoma, squamous, and others: adenosquamous cell carcinoma, large cell carcinoma, adenocarcinoma mixed with large cell carcinoma, squamous cell carcinoma mixed with large cell carcinoma, etc.), tumor differentiation (well/moderate vs. poor), adjuvant therapy, and PET-CT maximum standardized uptake value (maxSUV). The subtypes of adenocarcinoma were categorized by its differentiation degree, that is lepidic type (including bronchial alveolar carcinoma) into well differentiated, acinar and papillary type into moderate, and solid and micropapillary into poor.

All statistical analyses were performed using IBM SPSS ver. 20 (IBM Co., Armonk, NY, USA). To investigate their impact on disease-free status (no recurrence vs. recurrence), patterns of recurrence (local recurrence vs. distant metastasis), period of recurrence (early recurrence vs. late recurrence), and clinicopathological factors were analyzed. To compare between the groups with respect to categorical and continuous variables, the chi-square test or Student t-test was used. Statistically significant differences were accepted at p\<0.05. Overall survival (OS) was measured from the date of surgery to the date of death from any cause or date on which the patient was last known to be alive. Disease-free survival (DFS) was measured from the date of resection to the date of the first recurrence or last follow-up showing no recurrence. Survival was estimated using the Kaplan-Meier method, and the significance of comparisons was examined using the log-rank test. Mutivariate analyses were performed by means of a logistic regression analysis and the Cox proportional hazards model. Only variables with p\<0.05 after the univariate analysis were considered in the multivariate analysis.

RESULTS
=======

The median follow-up time for all 242 resected early-stage NSCLC patients was 44.3 months (mean, 54.4±44.4 months). The baseline characteristics of these 242 patients are listed in [Table 1](#T1){ref-type="table"}. [Fig. 1](#F1){ref-type="fig"} and [Fig. 2](#F2){ref-type="fig"} show the OS and DFS curve of 242 patients with stage I NSCLC. For patients with stage IA and IB NSCLC, the 5-year OS rates were 75.7% and 57.3% (p=0.006), respectively, whereas the 5-year DFS rates were 71.7% and 54.7% (p=0.008), respectively.

The patients were classified into three groups according to the interval between operation and recurrence: 165 patients (68.2%) had no recurrence (NR), 43 patients (17.8%) had recurrence within two years (early recurrence, ER), and 34 patients (14.0%) had recurrence more than two years after surgery (late recurrence, LR). The distribution of time to recurrence is shown in [Table 2](#T2){ref-type="table"}. Patients with recurrence had a significantly worse survival (p=0.000). The 5-year survival rate for patients in the ER group was 22.8%, while this was 57.3% in the LR group and 82.1% in the NR group ([Fig. 3](#F3){ref-type="fig"}). [Table 3](#T3){ref-type="table"} shows the results of the univariate and multivariate analyses of the risk factors for overall recurrence in patients after surgical resection. The results of the univariate analysis showed that the following six factors were significantly associated with increased recurrence rates: gender, smoking status, tumor size, pathologic stage, histologic grade, and PET-CT maxSUV. There was no statistical difference in terms of age, number of comorbidities, tumor location, tumor laterality, resection type, histology, and adjuvant therapy. In the multivariate analysis, the independent predictor of recurrence was the histologic grade (p=0.017).

The patterns of recurrence included local recurrence in 26 patients (33.8%) and distant metastasis in 51 patients (66.2%). [Table 4](#T4){ref-type="table"} shows a comparison of clinicopathological factors according to the pattern of recurrence (local recurrence only or distant metastasis). Only histologic grade (poor differentiation) was found to be significantly associated with a higher frequency of distant metastasis.

[Table 5](#T5){ref-type="table"} shows the results of the univariate and multivariate analyses of risk factors between early recurrence patients and no recurrence patients after surgical resection. The results of the univariate analysis showed that the following six factors were significantly associated with early recurrence: gender, smoking status, tumor size, pathologic stage, histologic grade, and PET-CT maxSUV. The multivariate analysis revealed that smoking status (p=0.023) and histologic grade (p=0.012) were the independent predictors of early recurrence.

Similar analyses were performed to assess the predictors of worse OS in patients with early-stage NSCLC. The univariate analysis indicated that gender, age, number of comorbidities, resection type, tumor size, pathologic stage, adjuvant therapy, and PET-CT maxSUV were the predictors of worse OS. A multivariate Cox proportional hazards model demonstrated that gender (p=0.004), number of comorbidities (p=0.038), resection type (p=0.002), and tumor size (p=0.022) were the statistically significant predictors that carried an increased risk of mortality in patients with early-stage NSCLC ([Table 6](#T6){ref-type="table"}).

DISCUSSION
==========

Lung cancer is the most fatal malignancy in most countries throughout the world. NSCLC represents more than 80% of all newly diagnosed cases of lung cancer. Anatomic surgical resection remains the best curative option for early-stage disease, but unfortunately, only 15% to 25% of patients have early-stage disease that can benefit from radical resection at diagnosis.

Long-term survival in NSCLC following surgical resection is stage-related. However, even when the surgical treatment of stage I lung cancer patients is considered successful, it is still a challenge to control this early-stage disease, mostly because of recurrence. Tumor recurrence is the most common cause of treatment failure after surgical resection \[[@B6]-[@B10]\]. The purpose of this study is to identify the factors related to recurrence following surgery and help stratify patients with higher risks into the administration of potentially harmful adjuvant therapies. There are two methods for the identification of factors related to recurrence following surgery. One is the classical determination using clinical variables as in our study. The other is based on molecular biological methods.

We set out to identify the clinicopathological factors associated with recurrence including early recurrence in early-stage NSCLC. Our study revealed that even in the case of curative resection, which is the most effective therapy for early-stage disease, the overall incidence of recurrence was 31.8% (pathologic stage IA, 24.1%; pathologic stage IB, 38.5%). The predictors of recurrence in resected stage I NSCLC according to the 6th edition of the TNM classification (TNM 6) have been described in literature \[[@B5]-[@B7]\]. However, only few studies evaluated the risk factors for recurrence in resected stage I NSCLC according to the 7th edition of the TNM classification (TNM 7) \[[@B11]\]. Maeda and colleagues reported that histologic differentiation, vascular invasion, and visceral pleural invasion were significant risk factors for recurrence in stage I NSCLC. In our study, the factor predicting recurrence was a poorly differentiated histology (p=0.017).

A majority of recurrences are distant and occur within the first 2 years of surgery \[[@B5]-[@B7]\]. Our study also showed similar results. The sites of the first failure were distant metastases to the brain, bone, liver, or contralateral lung in most of the patients reported by Martini et al. \[[@B12]\] and by Pairolero et al. \[[@B13]\]. In both studies, the brain was the most common site. In contrast, the highest initial failure site in our study was the lung (19/51, 37.3%). To date, most large studies have shown that the patterns of recurrence may differ by histology with more local recurrence seen in patients with squamous cell carcinoma and more distant metastases seen in patients with adenocarcinoma \[[@B12]-[@B14]\]. In our study, however, the pattern of recurrence did not differ by histology.

The recurrence was classified into three groups according to the timing of recurrence: none, early, and late recurrence. Early recurrence was seen in 17.8% (43/242) of all patients (pathologic stage IA patients, 11.6%; pathologic stage IB patients, 23.1%). Martini et al. \[[@B6]\] demonstrated that early recurrence (≤1 year) was observed in 27% of the patients with recurrence in pathological stage I NSCLC. The factors influencing lower incidence of recurrence were the extent of lung resection and lymph node dissection. In our study, the univariate analysis for early recurrence identified 6 significant risk factors (male, smoking status, tumor size, advanced pathologic stage, poorly-differentiated carcinoma, and PET-CT maxSUV), while the multivariate analysis showed that smoking status and poorly differentiated carcinoma were independent risk factors for early recurrence.

Some recent clinical studies have shown that postoperative chemotherapy is effective in the management of patients after a complete resection of stage II and IIIA NSCLC. The Lung Adjuvant Cisplatin Evaluation (LACE) pooled data of the five largest randomized trials completed since 2004 and reanalyzed this collectively \[[@B15]\]. This study concluded that postoperative cisplatin-based chemotherapy significantly improves survival in patients with NSCLC. The LACE trial demonstrated a clear survival benefit of adjuvant platinum-based chemotherapy-at least 5% for OS and 6% for DFS. However, the role of adjuvant chemotherapy in patients with resected stage I NSCLC is controversial because of the lack of a clear survival benefit from randomized trials. On the basis of our study, patients who are at risk for early recurrence may be considered for and may benefit from adjuvant chemotherapy.

However, there are several limitations of our study. Our data were analyzed retrospectively. For more conclusive results, a prospective randomized controlled study is required in the future. Moreover, as ours is a retrospective, single-institution study, patient selection bias with respect to the diagnosis of cancer recurrence might be inevitable compared with a multi-institutional prospective study. In this study, the overall follow-up observation period was short. Therefore, a relatively long follow-up observation period should be considered for long-term results.

In conclusion, the present study focused on the identification of factors related to early recurrence within two years of surgery in early-stage NSCLC patients. The identified risk factors were smoking history and poor histologic differentiation. Therefore, in cases with these risk factors for early recurrence, adjuvant therapy may be used for improving survival.
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Characteristics of 242 patients with resected early stage non-small cell lung cancer
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Values are presented as number (%).

PET-CT, positron emission tomography-computed tomography; maxSUV, maximum standardized uptake value.
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Group according to the interval between surgery and recurrence.
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Univariate and multivariate analyses of risk factors for overall recurrent patients after surgical resection
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OR, odds ratio; CI, confidence interval; PET-CT, positron emission tomography-computed tomography; maxSUV, maximum standardized uptake value.
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Relationship between pattern of recurrence and clinicopathologic variables

![](kjtcs-46-449-i004)

PET-CT, positron emission tomography-computed tomography; maxSUV, maximum standardized uptake value.

###### 

Univariate and multivariate analyses of risk factors between early recurrent patients and no recurrent patients
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Risk factors for overall survival of patients with resected early stage non-small cell lung cancer
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